A pulmonary embolism is a rare, but well described complication of percutaneous vertebroplasty; the majority of cases are caused by acrylic cement. Here, for the first time, we report a case of pulmonary embolism due to a thrombus in the right atrium, which was caused by an acrylic cement foreign body in the right atrium and central veins 6 years after percutaneous vertebroplasty. This case suggests that an acrylic cement foreign body should be considered as a potential source of thrombus formation in patients that develop a pulmonary embolism following percutaneous vertebroplasty. 
Introduction
A pulmonary embolism caused by acrylic cement is a rare, but well described complication of percutaneous vertebroplasty. However, acrylic cement has never been reported as the source of thrombus formation leading to a pulmonary embolism. Here, we report a case of acrylic cement foreign body, with thrombus formation in the central veins and right atrium, causing a pulmonary embolism.
Case
A 55-year-old woman, with a history of percutaneous vertebroplasty for a compression fracture of the second lumbar vertebra(L2), preformed 6 years previously, presented with mild dyspnea and general weakness of 2 months duration. She denied previous central venous catheterization or other instrumentation intervention of the central veins. Her initial chest radiograph revealed a long linear catheter-like foreign body and a fractured L2 vertebral body filled with bone cement (Fig. 1A) . Her transthoracic echocardiogram (Fig. 1B, C) and transesophageal echocardiogram (Fig. 1D) showed a catheterlike foreign body in the hepatic vein(HV), inferior vena cava(IVC) and right atrium(RA), with a large attached thrombus. CT angiography confirmed the presence of a 4×2 cm lobulated-mass attached to the RA wall, obliterating the tricuspid valve(TV)( Fig. 2A) , two separated catheter-like foreign bodies in the HV, IVC and RA (Fig. 2B, D) , a pulmonary thromboembolus in the left lower pulmonary artery (Fig. 2E ) and bone cement within the lumbar veins of the L2 (Fig. 2F) , suggesting the foreign bodies were caused by perivertebral cement leakage. Finally, a lung perfusion scan confirmed the presence of a pulmonary embolism due to perfusion decrease in the left lower lobe. The thrombus in the RA (Fig. 3A) and the foreign bodies in the central veins and RA (Fig. 3B) were removed during open-heart surgery, with a short period of total circulatory arrest under moderate hypothermia; the foreign bodies were identified as acrylic bone cement (Fig. 3C ).
Discussion
Since 1984, when percutaneous vertebroplasty was first described for the treatment of vertebral angiomata, 1) its use for the treatment of pain associated with vertebral body fractures has increased. Typically, approximately 2 to 10 mL of a viscous mixture of polymethylmethacrylate(PMMA) and opacifying agent, such as barium, is injected into the affected vertebral body using 10 to 15 gauge needles. The procedure is usually visualized by fluoroscopy or CT. Moreover, although leakage of PMMA into the paraspinal veins is observed in up to 39% of patients that undergo vertebroplasty for osteoporotic compression fractures, 2) the incidence of pulmonary embolisms in vertebroplasty patients due to acrylic cement has been reported to be within the range of 1 3) to 4.6%. 4) On imaging studies, such emboli vary in shape from amorphous multidimensional masses to long catheter-like shapes with radio-opaque properties.
5)6) However, in the present case, the pulmonary embolus showed ra- dio-lucent properties. Also, a large thrombus in the RA was found to be the source of the embolus, with a cement foreign body attached. Unlike other reported cases of pulmonary embolisms following percutaneous vertebroplasty, in this case the acrylic cement itself was not responsible, but a thrombus formed by the cement had caused the pulmonary embolism. Therefore, in cases of a pulmonary embolism following percutaneous vertebroplasty, acrylic cement foreign bodies should be viewed, not simply as an embolus, but also as a potential source of a thrombus.
The choice between operative removal and expectant management of pulmonary arterial foreign bodies is controversial, with considerable disagreement concerning the optimal treatment strategy reported in the literature. The majority of pulmonary embolisms due to acrylic cement are treated acutely with supportive therapy, either with or without anticoagulation, which results in satisfactory outcomes. 7) Therefore, some authors have suggested that it is acceptable to just observe foreign bodies within the heart or pulmonary arteries, including acrylic pulmonary emboli. [7] [8] [9] However, in the present case, aggressive intervention, i.e., open heart surgery, to remove the thrombus and foreign body were reasonable since the formed thrombus was large enough to caused recurrent embolic events. Moreover, the present case demonstrates that asymptomatic cement foreign bodies can cause problems, even 6 years after the procedure; and thus, this report suggests it is reasonable to follow up foreign bodies much more cautiously or adopt intervention at an earlier stage. Although the patient in this report underwent open heart surgery due to a large thrombus in the right atrium, percutaneous foreign body retrieval, using a snare device 10) could be attempted in uncomplicated cases.
In the described case, a pulmonary embolism occurred 6 years after percutaneous vertebroplasty due to a thrombus in the RA caused by an acrylic cement foreign body. We suggest that an acrylic cement foreign body should be actively considered as a source of thrombus formation in patients with a pulmonary embolism following percutaneous vertebroplasty. Fig. 3 . Open heart surgery and gross specimens. The thrombus (A) and acrylic cement foreign bodies (B) removed by right atriotomy. C: a large thrombus and two catheter-like acrylic cement foreign bodies were finally removed. The smaller catheter-like foreign body was attached to the right atrium and constituted the nidus of the thrombus (arrow).
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